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been found that activated dendritic cells remodel multi- All Grown up and Ready
vesicular endosomes by regurgitating internal mem- to Rumblebrane components, in the form of long tubules, back to
the plasma membrane (Kleijmeer et al., J. Cell Biol. 155,
53–63, 2001). This allows for rapid presentation of pro-
Ion Channels of Excitable Membranes,cessed antigen to T lymphocytes. The very recent dem-
3rd Editiononstration that ubiquitinated HIV Gag protein hijacks
By Bertil Hille
Tsg101 to drive virus particle budding from the cell sur-
Sunderland, MA: Sinauer Associates (2001).
face (Garrus, et al., Cell 107, 55–65, 2001) is another
814 pp. $85.00
particularly striking example. It will be interesting to learn
whether retrovirus budding also requires focal synthesis Potassium Channels in Cardiovascular Biology
of particular polyphosphoinositides, possibly offering Edited by S.L. Archer and N.J. Rusch
novel therapeutic approaches. New York: Kluwer Academic/Plenum
The group of contributors Mark Marsh has assembled Publishers (2001). 899 pp. $125.00
are all prominent figures in the field but, being an anthol-
ogy, styles and depth of coverage varies. Still, a huge
volume of information is synthesized and relayed to the “..we know what we are, but
know not what we may be.”reader. Thus, Endocytosis will certainly be a valuable
Ophelia in Hamlet, 4.5.43–44 (W. Shakespeare)addition for students since it is pitched between the
necessarily constrained standard cell biology textbooks
Ion channels let us see, hear, feel, move, and dream.
and the immense primary literature. Researchers al- Impressive. But, is it really time for two more (big) books
ready immersed in the field will also benefit from having on the subject? The answer is a vigorous “Yes.” This
a reference copy in the lab. Those just drawn to the reflects the awesome attributes that make these pro-
subject may appreciate the historical perspectives pro- teins pivotal to biology and how rapidly we have gained
vided in several of the chapters, giving an important new knowledge since the advent of recombinant DNA
sense of chronology. That said, the brisk pace of ad- methodologies.
vance in this area makes the collection likely to age Ion channels form portals across cell membranes that
rapidly. Furthermore, some important areas are also open and close to allow specific ions to pass. It is essen-
conspicuously absent: serious attention to the role of tial that they operate only at the correct time, location,
ubiquitination in cargo selection and trafficking, endo- and level of activity. Why the litany of restrictions? Be-
cytic traffic in polarized cells, and a more cohesive treat- cause they are extremely efficient.
ment of the role of phosphoinositides, are lacking. Chap- We exist out of equilibrium. Our cells are high in potas-
sium and low in sodium, chloride, and calcium. Thister 9, examining possible roles of endocytosis in learning
uneven arrangement is achieved by the slow steadyand memory, is a welcome inclusion but an effort to
labor of energy-driven pumps, carrier class transportextend the coverage to other currently less publicized
proteins present in plasma membranes in great abun-aspects of endocytosis—links to development and non-
dance. A cell can harbor 107 sodium-potassium pumps,pathogenic disease states—could have strengthened
each hydrolyzing one ATP molecule to power influx ofthe book, as would more extensive use of illustrations
two potassium ions and efflux of three sodium ionsin this visually compelling field.
about 150 times a second. Pumps create ionic imbal-Endocytosis is nonetheless a very readable and valu-
ance and electrical inequality ensues: the cell interior isable sourcebook that provides us with a comprehensive
negative relative to its surroundings primarily becausesnapshot of our current understanding of the field. To be
small amounts of positively charged potassium ions leaksure, there are many still-unanswered questions, some
out. These asymmetries are an immediately availablepointed out appropriately along the way. Included are
reservoir of stored electrochemical energy, held inhow exactly the complex sorting operations occurring
check, poised for abrupt release.
in the lumen of the late endosome are regulated and the
Ion channels reside at this dynamic interface as the
relationship between endocytosis and other signaling agents of excitability. Their activity is no serene affair.
events within the cell. We often think that trafficking In response to a stimulus, such as a puff of neurotrans-
events proceed at a constitutive, default pace. Yet cellu- mitter, ion channels undergo conformational changes,
lar stresses can alter the basal rate of endocytosis, via open water-filled pores that span the membrane, and
kinase-dependent signaling cascades acting on Rab allow specific ions to explode through the pores down
protein function (Cavalli et al., Mol. Cell 7, 421–430, their electrochemical gradients. With no direct link to
2001). In all likelihood, all trafficking events within the input of metabolic energy or coupling between changes
cell are integrated to some degree with each other, and in protein structure and individual translocation events,
with overall cellular homeostasis. as many as 108 potassium ions can rush through a single
potassium-selective channel each second—no wonder
some cells have just a dozen.
Linton M. Traub Among classes of proteins, the functional attributes
Department of Cell Biology and Physiology of ion channels are, perhaps, the best described. Bio-
University of Pittsburgh School of Medicine chemical methods were not the first source of this
knowledge. Indeed, before they were even known toPittsburgh, Pennsylvania 15261
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be proteins, the astounding efficiency of ion channels even as the field evolves. As only a single author can, the
book offers a coherent worldview, moving from actionallowed their role in producing action potentials to be
delineated using electrical recordings of the exceedingly potentials and single-channel recordings to crystal
structures and the mechanistic basis for disease. Whilelarge axons in squid (Curtis and Cole, J. Cell. Comp.
Physiol. 19, 135–144, 1942; Hodgkin and Katz, J. Physiol. not seeking to present at an “expert level,” the work
bravely travels (with requisite forewarning) to the very108, 37–77, 1949). Thereafter, methods to record from
tiny membrane patches made it routine to examine sin- edge of current knowledge; indeed, at this precipice
where differing opinions still vie for dominance, somegle ion channels operating in real time in native cells
(see Single-Channel Recording, B. Sakmann and E. of us will disagree with the enunciated expectations—
just as we should. The book is thus ideal for any studentNeher, eds, New York: Plenum Press, 1995). Later, a
few channel types with rich natural sources, such as beyond a basic undergraduate science curriculum. It
remains a resource for practitioners of the craft and theskeletal muscle or Torpedo electric organ, were purified
and reconstituted in functional form, allowing both their essential guide to the electrophysiological universe.
Potassium Channels in Cardiovascular Biology, ed-study free of confounding cellular influences as well as
direct biochemical assessment (see Ion Channel Recon- ited by S.L. Archer and N.J. Rusch. The heart is a pump.
Its every beat is orchestrated by wavelets of sodium,stitution, C. Miller, ed., New York: Plenum Press, 1986).
The cloning of ion channel genes, first by classical potassium, calcium, and chloride ions moving through
ion channels to yield excitation, contraction, and relax-molecular biological techniques and now via searches
of genetic databases over the internet, has produced a ation. The beats come faster as we run, slower when we
sleep, and recur some 100,000 times a day. This activitydeluge of revelatory information: hundreds of molecules
that form ion channel pores and scores of proteins that maintains blood pressure and circulation through the vas-
cular system, delivering oxygen and removing wasteregulate ion channels are now known. DNA sequences
allow prediction of protein sequences, motifs that may products from our organs. The brain is particularly sensi-
tive to diminished blood flow. Pump failure for a fewparticipate in specific functions, and membrane topol-
ogy. Genes expressed in cultured cells have allowed seconds causes loss of consciousness; after minutes,
permanent brain damage and death result.biophysical characterization of a plethora of ion chan-
nels in wild type form and again after site-specific muta- Potassium channels are required contributors to the
electrical impulses that maintain normal cardiac pumption to define relationships between sequence and func-
tion. Induced overexpression of ion channel parts is now function and blood vessel tone. Because potassium ion
efflux restores cells to negative resting potentials, po-permitting isolation, crystallization, and high resolution
imaging, for example, of a bacterial potassium channel tassium channel activity limits excitation, decreasing the
frequency and duration of heart beats and promotingpore (Doyle et al., Science 280, 69–77, 1998), catapulting
discussions of the structural basis for function from the vasodilation. Still, one might well wonder about a book
exclusively on potassium channels, and only those ininferred to the determined.
Novel molecular approaches are rapidly moving the the heart and vessels. The explanation lies in part with
the vast diversity of potassium channels that allow forfield beyond its biophysical origins. Now, the bevy of
regulatory proteins that interact with individual ion chan- cardiovascular function: over 30 types of pore-forming
potassium channel subunits (many of which manifestnels to determine their native behavior are being enu-
merated. Levels of expression of ion channel genes in splice variation) that form a single pore by assembly in
groups of four often nonidentical subunits. These com-different tissues, during normal development and in
response to stress, can now be quantified. High- plexes show uneven geographical and temporal expres-
sion at both the cellular and subcellular levels. Moreover,throughput strategies to rapidly assess thousands of
compounds are now regularly applied to discovery ef- normal ion channel function depends on interaction of
pore-forming subunits with one or more regulatory sub-forts seeking medications that alter ion channel function.
Molecular methods applied to the genetics of human units that can be constant or occasional companions.
More than 15 of these regulators are now known; somedisease are revealing a spectrum of ion channel dis-
eases; in some cases, inherited mutations cause a disor- soluble, others integral membrane proteins—these too
show geographic and temporal diversity. Variation inder (for example, cystic fibrosis), in other cases, our
individual genetic differences (polymorphisms) predis- potassium channel function is also observed during
healthy development and secondary to disease due topose to a poor outcome when faced with a secondary
challenge (for example, drug-induced cardiac arrhyth- altered gene expression. Indeed, the functional diversity
that results from inheritance of ion channel genes inmia). In response to this veritable onslaught of new infor-
mation, the two new books seek to describe where we wild-type, mutant, and polymorphic form reveals that
normal cardiovascular physiology absolutely dependsare, show how we got here, and speculate on where we
are going. on the exquisite timing and normal activity level of potas-
sium channels.Ion Channels of Excitable Membranes, 3rd Edition,
by Bertil Hille. Earlier versions were notable achieve- In this context, Archer and Rusch offer a rich tapestry
in 899 pages of nonredundant, thoughtful prose. Thements for their clarity and broad utility. The third edition
is markedly expanded, remarkably up to date, and compilation covers all the key areas and moves nicely
from the general to the specific. Particularly wonderfulstands as an unmitigated tour de force. Complete and
enthusiastic, but not overwhelming, the text builds intu- is the half of the book that covers the vascular system.
This is an important subject (indeed, the endothelialitively from the biophysical roots of the discipline. By
maintaining a historical flavor, the reader is cleanly of- cells lining our blood vessels comprise the single largest
organ in the body) that is not adequately consideredfered the essential ideas and concepts that remain key
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elsewhere. Topics covered include the roles of potas- tion leads to persistent truncus arteriosis, double outlet
right ventricle or overriding aorta, devastating defectssium channels of endothelial cells, smooth muscle, and
in development of the major arterial vessels of the heartthe vasculature of skeletal muscle, brain, heart, lungs,
(Kirby, In Heart Development, San Diego, CA: Academicand kidneys in health and disease. In large measure,
Press, 1999, pp. 179–187).the general subject chapters and those on potassium
At the venous pole of the heart, extra-cardiac cellschannels in the heart are truly excellent; only a few do
are drawn into the developing atrial septum, the double-not meet the standard of existing resources or suffer
layered muscular divider that separates the left and rightfrom out-of-date or parochial viewpoints. Such limits do
atrial chambers (Webb et al., Circ. Res. 82, 645–656,not detract from the overall strength of the compendium.
1998). A second population of neural crest cells popu-It serves as intended as a comprehensive review of
lates the heart from the atrial pole, becoming associatedpotassium channels for those who study the heart and
with the nodal and bundle of His elements of the conduc-vasculature.
tion system, before dying by apoptosis (Poelmann etThese two books herald the maturation of our disci-
al., Dev. Biol. 207, 271–286,1999). Cells from yet anotherpline. Our inquires no longer focus solely on biophysics
extra-cardiac source, the proepicardial organ, migrateand a few great mysteries, for example, by what means
and envelop the looping heart tube to give rise to thecan an ion current cross an insulating lipid membrane.
epicardium, coronary vasculature, and interstitial fibro-The interrogations are now more subtle; we must seek
blasts (Dettman et al., Dev. Biol. 193, 169–181, 1998).to understand the specifics: how, when, why, and why
But this is not all. In the early fate mapping studies innot. These books make it clear that the work ahead is
the chick heart, lineage tracer placed in the recognizablejust as exciting as what has come before.
classical heart fields revealed itself later in the atrial and
ventricular portions of the heart tube, but never in the
Steve A.N. Goldstein outflow tract (de la Cruz et al., J. Anat. 123, 661–686,
Departments of Pediatrics and Cellular 1977). As several groups have now shown, the outflow
and Molecular Physiology tract of the heart is built from yet another extra-cardiac
Boyer Center for Molecular Medicine source of cells, the so-called anterior or secondary heart
Yale University School of Medicine field located dorsal and anterior to the primary heart
295 Congress Avenue tube (Waldo et al., Development 128, 3179–3188, 2001).
New Haven, Connecticut 06536 Lewis Wolpert has commented that when he was writ-
ing an introductory textbook on developmental biology,
he did not discuss the heart because no new principlesHeart Matters concerning developmental mechanism had come to
light. Given the emphasis placed on heart morphology
since antiquity and, more recently, its molecular regula-
Formation of the Heart and Its Regulation tion and development, why have we apparently made
Edited by Robert J. Tomanek such poor progress? One answer may be that the com-
and Raymond B. Runyan plexity of events in heart development makes the under-
Boston: Birkhauser (2001). 276 pp. $126.00 lying patterning principles that guide the process diffi-
cult to see and therefore study. Furthermore, written
into the lineage allocations and form of the heart is
If our quest to map and understand developmental terri- an interesting and complex evolutionary history. The
tories and their interactions in the embryo is akin to primitive chordate ancestors of vertebrates may not
geography, then the heart, as it turns out, is not one have had a heart at all, but simply one or more pulsatory
nation, but a multinational collection of expatriates and muscular vessels. It is now clear that the vastly more
exiles. The hearts of mammals and other vertebrates complex mammalian heart shares a common regulatory
begin life as paired populations of mesodermal progeni- genetic pathway even with the simple muscular vessels
tor cells situated on either side of the primitive streak of invertebrates such as Drosophila (Harvey, Dev. Biol.
in gastrula stage embryos. As nascent mesoderm and its 178, 203–216,1996). Knockout studies in mice show us
associated endoderm is distributed to various locations that this ancient pathway has not only been conserved,
during gastrulation, heart precursors move in an anterior but also embellished and adapted for control of complex
direction and come to occupy the most anterior and heart morphogenesis.
lateral reaches of the embryo proper. In response to Formation of the Heart and Its Regulation, edited by
local inductions, these cells give rise to the myocardial Robert J. Tomanek and Raymond B. Runyan, is a collec-
and endothelial cells of the ventricles and atria in the tion of articles on contemporary issues in heart develop-
forming heart tube, as well as to valvular structures ment. The book is part of the series Cardiovascular Mo-
and Purkinje fibers later, which transdifferentiate from lecular Morphogenesis published by Birkhauser and
cardiomyocytes (Takebayashi-Suzuki et al., Develop- edited by Roger Markwald. The current volume contains
ment 127, 3523–3532, 2000). articles that are loosely connected thematically, cov-
As if this is not complex enough, several “extra-car- ering topics as diverse as left/right asymmetry and the
diac” lineages populate the growing heart. Neural crest role of homocysteine in congenital abnormalities in-
cells arising in the rhombomeric region of the hindbrain duced by folate deficiency. As part of an ongoing series,
migrate into the outflow region of the heart and partici- the book does not aspire to cover all aspects of the
pate in its septation. This event is essential for formation field, nor even to necessarily flag the very hottest topics
of the day. Nevertheless, the articles cover interestingof a distinct aorta and pulmonary trunk and its perturba-
